Introduction {#Sec1}
============

Since December 2019, the novel coronavirus (Sars-CoV-2) pandemic spread rapidly, from the Hubei province in China to 185 countries causing over 3,000,000 cases. More than 200,000 deaths have been attributed to the coronavirus disease (named COVID-19), and these numbers are growing steadily \[[@CR1]\].

As an emerging acute respiratory infectious disease, COVID-19 primarily spreads through the airway's tract, by droplets, respiratory secretions, and direct contact. Spread by aerosol (airborne transmission) is suspected to be another important route of transmission but unestablished now \[[@CR2]\]. Some patients with SARS-CoV-2 infection have viral RNA or live infectious virus present in faeces, which suggests that another possible route might be faecal-oral transmission \[[@CR3]\]. Based on current epidemiological data, the incubation period ranges from 1 to 14 days, with an estimated median incubation period of 5.1 days, and the transmission can also occur during the pre-symptomatic stage. Moreover, also asymptomatic cases, which represent a considerable percentage of the infections, are likely to contribute to virus circulation \[[@CR4]\]. Elderly patients, especially with other comorbidities, such as hypertension, cardiovascular diseases and diabetes, and subjects with primary or secondary immunodeficiencies have the highest mortality rate \[[@CR5]\]. Although children tend to experience only mild symptoms, previously healthy young adults have also succumbed to COVID-19 \[[@CR6], [@CR7]\]. Although most patients have mild symptoms and good prognosis after infection, some patients develop severe forms and die within few days, mainly for adult respiratory distress syndrome (ARDS) and/or for multi-organ dysfunction syndrome (MODS). In these patients, clinical signs and symptoms, as well as laboratory abnormalities, suggest a cytokine storm syndrome (CSS) triggered by the viral infection \[[@CR8]\].

Since the beginning of the COVID-19 outbreak, a growing body of information on diagnostic and therapeutic strategies has emerged, mainly based on preliminary experience on retrospective studies or small case series.

Together with supportive intensive care and antivirals, the use of immunomodulatory agents and/or convalescent plasma transfusion has been proposed, and some of them are currently under investigation by clinical trials.

In this context, understanding all the different phases of the disease is crucial, integrating diagnostic and therapeutic armamentarium to develop appropriate strategies with a multidisciplinary approach.

This manuscript aims at reviewing the current available literature on the main diagnostic and pharmacologic approaches, in order to develop a management and therapeutic algorithm, which provides a practical guide to healthcare workers involved in the management of COVID-19 patients.

Methods {#Sec2}
=======

A multidisciplinary group comprising three rheumatologists, one clinical immunologist, two experts in infectious diseases and 4 anaesthesiologists was set up, based on their expertise in (a) the management of immunosuppressants/immunomodulatory agents, (b) the management of patients infected by COVID-19 in non-intensive care units and (c) management of patients infected by COVID-19 in intensive care units.

This manuscript was based on the results of a comprehensive search in PubMed matching the key search terms "Sars-CoV-2" and "COVID-19". We searched PubMed for English-language studies published from January 2020 to April 2, 2020. We also manually searched the references of selected articles. Full texts and abstracts of published and pre-published articles were reviewed by 2 independent components of the multidisciplinary group (GF and FPM). The resulting manuscript was distributed by email to experts, who approved and critically revised the final version of this document. Finally, a management algorithm was proposed, based on the review of the literature and the experience of the participants of this multidisciplinary group.

Clinical, laboratory and imaging findings {#Sec3}
-----------------------------------------

Common clinical manifestations include fever, cough, fatigue, sputum production, shortness of breath, sore throat, headache, arthro-myalgia, anosmia, dysgeusia, pleuritic pain, conjunctivitis, diarrhoea and vomiting \[[@CR9], [@CR10]\]. Most patients, especially in the early asymptomatic or pauci-symptomatic phase, have a normal routine blood test with only mild lymphocytopenia. As the disease progresses, laboratory tests may show a reduction in the lymphocyte count; an in increase ferritin, D-dimer and lactate dehydrogenase (LDH); and coagulation abnormalities (mainly prolonged PT and aPTT). These values tend to increase as the disease progresses with an increase of the C-reactive protein (CRP) and interleukin (IL)-6. Not infrequently a progressive increase in transaminases, triglycerides, NT-proBNP and troponin, creatinine and blood urea has been observed. Platelets and neutrophils may also decrease, while procalcitonin is generally negative in COVID-19 patients \[[@CR11]--[@CR13]\].

Blood gas analyses vary from normal in the early and mild phase to mild hypoxia with or without hypocapnia in mild to moderate stage, while severe hypoxia with hypercapnia predominates in the late stage. Thoracic imaging is of great value in the diagnosis and monitoring of the therapeutic efficacy of C0VID-19. High-resolution CT (HRCT) is the gold-standard imaging modality. In HRCT scans, COVID-19 at the early stage often presents with multifocal patchy shadows or ground-glass opacities located in the lung periphery, subpleural area and both lower lobes. Later, interlobular septal thickening and intralobular interstitial thickening ("crazy paving") are being observed in some ground-glass opacities. A small number of cases may show solitary, local lesions or nodular/patchy lesion distributed consistent with bronchi with peripheral ground-glass opacities changes. Progression of the disease mostly occurs within 7--10 days, with enlarged and increased density of the lesions and consolidated lesions with air bronchogram sign. Critical cases may show further expanded consolidation, with the whole lung density showing increased opacity ("white lung") \[[@CR9]--[@CR12]\]. Although less sensitive than HRCT, chest radiography is typically the first-line imaging modality used for patients with suspected COVID-19, also for ease of decontamination (especially with portable radiography units). However, chest radiograph may be normal in early or mild disease. The most frequent findings are airspace opacities, described as consolidation or ground-glass opacity. The distribution is most often bilateral, peripheral and lower zone predominant \[[@CR13]\]. Lung ultrasound (LUS) may be useful in diagnosis and follow-up of COVID-19 pulmonary involvement. The following patterns have been described in COVID-19 patients: (i) localized or diffused B-lines (thickened subpleural interlobular septa), (ii) irregular and thickened pleural line with scattered discontinuities, (iii) subpleural consolidations and (iv) alveolar consolidations (tissue-like with air bronchograms) \[[@CR14]\]. LUS is widely available; it allows rapid examination without moving the patient, thus reducing the risk of infection and patient destabilization, especially in critically ill patients. Although its specificity is not yet known, LUS can also be used as the first imaging step, indicating patients who need HRCT, and as a first screening measure for the asymptomatic or pauci-symptomatic patients (suspected or confirmed), who might present signs of early lung involvement \[[@CR15]\].

Management {#Sec4}
==========

Antiviral agents {#Sec5}
----------------

At present, several drugs approved for other indications as well as a few new compounds are under investigation in randomized clinical trials (RCT) across the globe (<https://clinicaltrials.gov/>), but none has definitely proven efficacy for treatment of COVID-19. Retrospective data from SARS epidemic suggested that an early antiviral treatment with lopinavir/ritonavir (LPV/RTV) can potentially reduce the incidence of severe and critical cases \[[@CR16]\]. Recently, a clinical trial in hospitalized adults with severe COVID-19 in China did not show reduction in time to clinical improvement and mortality with LPV/RTV compared with standard of care; however, some evidence suggest that LPV/RTV initiation within 12 days after symptom onset is associated with shorter time to clinical improvement might be assumed \[[@CR17]\]. Additional study is needed to evaluate possible clinical benefits of early use of LPV/RPV in COVID-19. Remdesivir, a broad-spectrum investigational antiviral, previously tested for SARS, MERS, and Ebola, has in vitro activity against SARS-CoV-2 \[[@CR18]\]. The drug has been used in hundreds of COVID-19 patients in the USA and Europe under compassionate use, and anecdotal evidence of benefit have been reported, but no hard data \[[@CR19]\]. Some RCT are ongoing and will provide data on the efficacy of remdesivir in the treatment of COVID-19. Currently, the manufacturer (Gilead) is transitioning from individual compassionate use requests to an expanded access program for emergency access to the drug for severely ill patients with confirmed COVID-19. Clinical trials on other antivirals like arbidol, oseltamivir, favipiravir, interferon beta-1A, darunavir and cobicistat are ongoing, but data are not yet available (NCT04255017, NCT04261270, NCT04310228, NCT04315948, NCT04252274).

Antimalarial and other agents with potential antiviral and immunomodulating activity {#Sec6}
------------------------------------------------------------------------------------

Antiviral activity of antimalarial drug chloroquine (CQ) and hydroxychloroquine (HCQ) has been recently tested \[[@CR18], [@CR20]--[@CR27]\]. Studies show that chloroquine can inhibit pH-dependent steps of the viral replication, with a potent effect on SARS-CoV-2 infection and spread \[[@CR24]\]. Moreover, it works as a novel class of autophagy inhibitor \[[@CR25]\], which may interfere with viral infection and replication.

Chloroquine has been used at an oral dose of 500 mg twice daily, in several clinical trials in China during this outbreak: while peer reviewed data from the trials are currently unavailable, it was announced that promising early results have been demonstrated \[[@CR26]\]. As for HCQ, preliminary data from a randomized clinical trial revealed that after 5 days of treatment (200 mg/bid), the symptoms of patients with COVID-19 were significantly relieved, with a shorten time of recovery for cough and fever and an enhanced improvement from pneumonia \[[@CR27]\]. Gautret et al. recently published their preliminary data on the impact of oral hydroxychloroquine 200 mg every 8 h on viral clearance in patients with COVID-19 \[[@CR28]\]. Although the study included only a small non-randomized cohort, promising results were obtained and in combination with azithromycin seems to be enhanced.

The antiviral activity of the antimalarials and the potential synergy with the other drugs would indicate their use mainly in the early or mild phase of the disease, starting from the clinical onset or the early radiological signs (LUS or HRCT). Furthermore, chloroquine and hydroxychloroquine have well-known immunomodulatory effects, suppressing the production/release of TNF-α and IL-6, thus modulating the host hyperimmune response. Optimal dosage and duration of treatment remain unknown and still under investigation.

Finally, ivermectin, a broad spectrum anti-parasitic agent, demonstrated antiviral action against the SARS-CoV-2 clinical isolate in vitro, but further investigation is warranted to understand its possible benefits in humans \[[@CR29]\].

Convalescent plasma {#Sec7}
-------------------

A significant reduction of viral load and mortality has been shown in studies using convalescent plasma for the treatment of severe acute viral respiratory infections, like SARS, MERS, Ebola, H1N1 and H5N1 \[[@CR30]--[@CR34]\] with a significantly better outcome obtained with earlier transfusion \[[@CR35]\]. High titre--specific antibodies should be able to bind to SARS-CoV-2 and neutralize the viral particles, blocking the viral access of uninfected cells, and activate potent effector mechanisms \[[@CR36]\]. Recent data show that the administration of convalescent plasma containing neutralizing antibody is followed by improvement in the patients' clinical status \[[@CR37]\]. With the growing number of convalescents, it could become a treatment of choice in the moderate phase up to rescue therapy.

Anticoagulants {#Sec8}
--------------

Disseminated intravascular coagulation (DIC) is frequently reported also in the mild and early stages of the disease \[[@CR38]\], and it is strongly associated with a significantly higher mortality (71.4% of non-survivors---0.6% of survivors) \[[@CR39]\]. Although the dysregulation of the haemostatic system is well documented in sepsis, SARS-CoV-2 is probably more prone to induce DIC, also thanks to the hyperimmune host response \[[@CR40]\]. According to our experience, heparin is recommended at the initial dose of 50 UI/Kg or 25 UI/Kg in patients with bleeding or platelet count \< 50xl 09/L with aPPT being 40--60 s as a target of anticoagulation maintenance dosage.

Immunomodulatory drugs, corticosteroids and rescue therapies {#Sec9}
------------------------------------------------------------

A subgroup of COVID-19 patients may develop secondary hemophagocytic lymphohistiocytosis (sHLH). This is a hyper-inflammatory syndrome characterized by a fulminant cytokine storm/macrophage activation syndrome (CSS/MAS), which rapidly led to multi-organ failure \[[@CR8], [@CR41]\]. It is well-known that sHLH is frequently triggered by viral infection \[[@CR42], [@CR43]\]. Unfortunately, in these conditions, the therapeutic window is narrow because the irreversible damage is premature and permanent, and the mortality for the most severe cases reaches up to 60% of patients \[[@CR44]\]. Clinical features of this syndrome are unremitting fever, hyperferritinemia, cytopenia and elevation of inflammatory markers like C-reactive protein and IL-6 \[[@CR8], [@CR41]\]. Based on this notion, treatments with biotechnological immunomodulators or small molecules have been proposed since the beginning of the COVID-19 outbreak.

### Immunomodulatory drugs {#Sec10}

Tocilizumab, a recombinant humanized anti-human IL-6 receptor monoclonal antibody, is firstly approved for the treatment of rheumatoid arthritis and giant cell arteritis and more recently for the treatment of the CSS secondary to chimeric antigen receptors (CAR)-T \[[@CR45]\]. A recent retrospective study on 21 COVID-19 patients in antiviral treatment for a week with persistent fever and worsening of CT images and hypoxia suggested a potential therapeutic role of tocilizumab. Indeed, after treatment, in addition to the improvement of body temperature, the respiratory function, imaging and lymphopenia improved in most of the patients with normalization of inflammatory markers without significant adverse event \[[@CR46]\]. Based on this observation, a multicentre, single-arm, open-label, phase 2 study (NCT04317092) is currently ongoing. Sarilumab, a human IgG1 monoclonal antibody that binds specifically to both soluble and membrane-bound IL-6Rs, and siltuximab, an anti-IL-6 chimeric monoclonal antibody, are currently being tested in COVID-19 patients (NCT04327388, NCT04324073, NCT04329650, NCT04322188, NCT04330638). Anakinra, a recombinant human IL-1 receptor antagonist, currently used in several autoinflammatory diseases, has been also tested in conditions associated with a hyper-inflammation, like sepsis and sHLH/MAS \[[@CR47], [@CR48]\]. Anakinra can be administered subcutaneously or intravenously, in a wide range of dosage and with an excellent safety profile and is currently being in tested (NCT04324021). Janus kinases inhibitors baricitinib and ruxolitinib are treatments currently approved for RA and myelofibrosis/polycythaemia vera, respectively. These small molecules were found capable of reducing or interrupting the passage of the virus into target cells and to inhibit the JAK1- and JAK2-mediated cytokine release \[[@CR49]--[@CR51]\]. They are currently being tested (NCT04320277, NCT04321993), but no data are available.

At the best of our knowledge, fever, persistent and progressive lymphopenia and elevation of serum CRP and IL-6 associated with hypoxia and ground glass establish the correct timing of treatment, mainly if also associated with haemostasis alteration. Platelet to lymphocyte ratio may also be a novel indicator of CSS in COVID-19 \[[@CR52]\].

### Corticosteroids and rescue therapies {#Sec11}

Although the use of corticosteroids in Sars-COV-2 viral pneumonia is not clearly recommended \[[@CR53]\], in case of signs of an exaggerated immune response or in patients with symptoms of myocardial involvement, the use of moderate dosage of corticosteroids for a short time (0.5--1 mg/kg/day of prednisone equivalent for 5--7 days) is suggested \[[@CR54], [@CR55]\].

Plasma exchange, intravenous immunoglobulin (IVIG), etoposide and emapalumab are currently used in refractory or relapsing MAS/HLH and can be considered as a rescue therapy when other therapies have failed \[[@CR56]--[@CR58]\]. An interventional clinical trial evaluating the safety and efficacy of anakinra and emapalumab in COVID-19 has been recently registered (NCT04324021).

Conclusions {#Sec12}
===========

The high number of patients, who contracted the virus and developed the disease in a relative short period, has compromised the health system worldwide that responded to the pandemic by reorganizing hospitals and engaging doctors from different specializations to face this health emergency. No current targeted treatment is yet available for COVID-19, an unknown disease until 2 months ago, which challenges doctors and researchers to find new drugs or reallocate other treatments for these patients.

The lesson we learned is that there are distinct phases of COVID-related disease that are dominated by infection, invasion and viral replication first and then by the host immune response, up to hyper-inflammation (CSS). The overload of work that healthcare professionals must face with, often in risky conditions as seen in China, Europe and now also overseas, is combined with the lack of standardized protocols or algorithms for the management and treatment of these patients. It now seems evident that a part of the COVID-19 patients suddenly worsens, frequently a week after symptom onset, especially in patients with an exaggerated immune response is triggered. The experience, both from literature data and clinical practice, confirms as we could expect, the sooner the treatment, the better the outcomes. Given the complexity of this new condition, a multidisciplinary management seems to be the best approach. Sharing and integrating knowledge between specialists, to evaluate the correct timing and setting of every treatment, could greatly benefit our patients. Based on this, we reviewed the literature, combining it with our experiences and our specialist knowledge, to establish a management algorithm. We tried to correlate the clinical features with laboratory and imaging findings to establish the right timing for each treatment. We harmonized all this information in a visual algorithm (Fig. [1](#Fig1){ref-type="fig"}), to make it easy to read and update based on new literature results.Fig. 1Following the timeline of the disease and correlating with the clinical, laboratory and imaging data, supported also by the first anatomopathological reports, we can distinguish two main phases: (a) the first in which the viral shedding and replication with direct cell damage predominate and (b) the second in which an exaggerated host immune response with cytokine storm triggered the inflammatory cascade. Based on this concept, we correlated clinical, laboratory and imaging data in order to use the more appropriate drug. By further dividing the patients according to the clinical picture and correlating with the diagnostic tests, the most severe forms of the disease are predominated by the host hyperimmune response and the consequent damage. However, this response begins with the earlier stages, and therefore, the timing of the treatments is critical to optimize the outcome. Finally, the dosages of the drugs are reported

It is crucial to identify patients early, especially those with negative laboratory prognostic factors (cytopenia, high CRP and D-dimer, hyperferritinemia) and early signs of pulmonary involvement in HRCT as well as in LUS, to start treatment and monitor them closely. Since this approach is easily available also outside the hospitals, the new challenge will be to also extend it in a community-based setting.
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